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The Empire needs, in this dark day of siaughter, 
Great-hearted men, unawed by doom or dread ; 
What valor have vou shown, what service brought her 


To match the tribute of her glorious dead ? 


Pan] 
| You who the loyal standard boldly flaunted 
While peace around you guarded like a wall, 
‘ What do you now when Freedom is blood-haunted, 
| Do braggart words but make your deeds seem small ? 


When in the future days they tell the story 
Of how the brave, the hero-hearted died 


When Liberty is crowned with fadeless glory, 


—_——_eee ee 


Wilk you be standing honored at her side 


j Because you ventured all nor sought a reason, 
, ° c 
1 Why other men should die and vou go free, 
i 
‘ Because vou held not back in coward treason 
While comrades fought vour fight on land and sea ? 
; Amid the gallant ranks that did not waver 
, 1 1 1 ‘ 1 
Before that blight that shook old Britain's shore, 
? ‘ a | 1 7 
i Will vou be one whose prowess helped to save her, 
Who went to war that war should be no more ? 
' The troopship in the harbor rideth ready, 
I | 
7 The tumult thickens Hear the scornful word 
j The foe is mocking! J,ift the anchor—steady. 
' 1 ; yay 1 ' ; 
High tide The ship's away Are vou aboard ? 
} TORONTO CONT 
November 9, 1915 
, 
} 
4 








SIR ROBERT BALI 


riit ASTRONOMER rHE MATHEMATICIAN AND THE MAN 


T does us good to come into contact with leaders in thought 


and deed My object to-night is to bring ourselves closer to 


a great astronomer, and one as good as he was great, to possess 


more than a hazy knowledge of an original mathematician along 
some special lines of investigation, a writer of many popular 


books on astronomy, a delightful lecturer, and, what ts rather 


Y 


rare amongst erudite men, a most charming companion, full of 


humor and story The ‘‘ cross-grained muses of the cube and 
square,’’ as Tennyson puts it, were not with Robert Ball. His 


muses Were pleasant, smiling deities whom everyone loved, 


although it must be admitted that when he developed his favorite 
subject, ‘‘ The Theory of Screws,’ these muses seemed to sit up 
traight, and when he added to that title, ‘‘ A Geometrical Study 
of the Kinematics, Mquilibrium and Small Oscillations of a Rigid 


Body,’’ the surroundings wore rather a forbidding aspect and 


became somewhat alarming. Asa great professor and observer 
we revere him, as a popular lecturer, who bent down the 


branches of the tree of knowledge to the man with the dinner 


can, or even to the convicts in Dartmoor Prison, so that the fruit 
could be touched if not tasted, we admire him, asa writer we 


ght in him, and as a companion full of pleasant story we love 


He came otf astronomy-blood, blood-roval according to the 


nivstic heraldry of Science. He had an ancestor, William Ball, 


who was an eminent astronomer, and another, Pete: 


> 
f ve 


Ball, a deep 
student of astronomy) His brother, Valentine Ball, C.B 
F.R.S., had a distinguished career as a geologist, fir 


and then as Professor in Trinity College, and aft 
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Director of ‘** The Science and Art Museum’ of Dublin. His 
yvrother was Sir Charles Ball, Bart., F.R.C.S., Regius 
Professor of Surgery in the University of Dublin. His father 
was the Honorary Secretary to the Royal Zoological Society of 


Ireland in 1837 This brilliant son was born on July Ist, 1540, 


in Dublin, and was brought up amongst artistic and scientific 


ta) 


surroundings, both derived from and related to scholars and men 


of repute, that, as he said, it was ‘‘ sufficient to make every Ball 
bounce He passed his school days at a little village called 


Tarvin, near Chester, and was noted tor his mathematical attain 


ments In 1857 he entered Trinity College, Dublin ; his fathes 
ee ee ee 1 his mother asad 36 AeMnaie 4 sive hi cae 
had died and his mother found it difhieult to give him a start 


but with a promise to her that he would work very hard, he 
ommenced his brilliant career, and in I861 he won the gold 


medal in Mathematics andin Experimental and Natural Sciences 


He reached that, for ‘‘ he scorned delights and lived laborious 
lavs’’ and nights too This example is one of many others 
who climb the toilsome heights of fame It is a stiff pull, and 
poverty often gives the spur that wins — ** Blessed indeed 1s the 


man who has found his work, let him ask no other blessedness 

And so this brilliant young Irishman never gave up, but worked 
to win, and gave his mother, who sacrificed so much for his 
sake, the holy joy of victors He had the ancestry, the blood 
that tells, he had the ability, he had the physical health and 
strength, and he had the poverty which, as in the case of the 


oreat Samuel Johnson, and many others, flogged him to the 


Ba 
winning post. Had Homer been the son of a Greek plutocrat 
with drachmas to spend, would we have had his wonderful epics 


r SO many 


which have been the admiration and the despair of 


renowned prophets, priests and kings in the literary world ? 
Remember that for this ‘‘ blind old man of Scio's rocky Isle it 


was true that 


Phas i 
And thus Achilles and Ulysses and the Atrids became our 


companions and houseliold words 
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He describes how he started in his astronomical career 
The first book he read after leaving school was ‘‘ The Orbs of 
Heaven’’ by Professor Mitchel, of the Cincinnati Observatory, 
who became also a Federal General in the U.S. Civil Wat 
This work opened up to this lad of seventeen new conceptions 
and he records, in a very simple way, that then, for the first 
time, he learned the difference between a star anda planet. Then 
followed his course at Trinity College when he tackled Newton's 
‘* Principia’’ and Laplace’s ‘‘ Mécanique Céleste.’’ When he 
graduated, in 1865, he had made up his mind to study for the 
church ; but this was not at all congenial — he might, perhaps, 
have gone forward and become either a platitudinarian or a lati 
tudinarian or an attitudinarian and either a respectable preacher 
or a ‘‘stickit minister.’ But at this crisis, when his future 
career was in the balance, one of those strange providences came 
to him which so often change the course of a life. Dr. John 
stone Stoney invited him to act as tutor to Lord Rosse’s sons at 
Parsonstown, Ireland. Jord Rosse had been President of the 


Royal Society and was one of the most prominent men in the 


Kingdom. His great telescope was then, and, indeed, still is, 
the largest reflector. After due consideration young Mr. Ball 


accepted the invitation and changed his design from becoming 


one kind of a ‘* sky-pilot to that of another kind, one of a 
rial and pl sl a Being a de t man he 
more material and physical description Jeing a devout man he 
made all the better astronomer, for an undevout astronomer is 
mad 
Ball now was fairly launched for his life work as a leading 
istrononie! His work at Birr Castle, the seat of Lord Rosse 


was ostensibly that of a teacher to the bovs, but the eagle could 
not be ‘‘ cabin'd, criblb'd, confined it must soa Teaching 
mere teaching, without investigation, has been described as 

the grave of the intellect and Ball's active mind could not 
readily undergo sepulture. He found himself in an atmosphere 
that trained him for his great life work, for here was the home 
of the mighty telescope that is to be surpassed only by plans 


already made for the installation of a yet greater reflector in 
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British Columbia by the Canadian Government. Between two 
great walls swung a tube 60 feet long and more than 6 feet in 
diametet large enough to be the funnel of a large steamship 
At the lower end wasthe mighty mirror or speculum weighing 
three tons; the whole output cost $150,000. The instrument 
was raised by a winch and the observers made their way to the 
galleries and looked down through the top, or elevated end 
four men assisted the observer One stood at the winch to raise 
or lower, another at the lower end of the instrument to give It a1 
eastward or westward motion as directed by the astronomer 
while the third had to be ready to move the gallery in and out 


1) 


in order to keep the observer conveniently placed with regard to 


the eve-piece. That was before the day of the electrically-rising 
platform. It was the duty of the fourth to look after the lamps 
and attend to minor matters This great mirror has been 


removed from the telescope and is now placed in the Victoria 
and-Albert Museum, South Kensington, London 3all began 
this new chapter in his career in 1565 At this time Dr. John 
stone Stoney was the astronomer in charge, and he made his 
work with the telescope immortal by his observations of the 
Nebule. Ball soon acquired the passion of observing He 
records that he would go up to the observatory as soon as it was 
dark, and he adds that nothing amazed him so much as the 
extraordinary speed with which the hours passed. ‘‘ A look at 


my watch,’ he says, ‘‘ might show it half-past eight. When I 


next drew it out of my pocket at what seemed no great interval! 


a) 


time it would show half-past eleven. On a third occasion | 


would find it ten minutes to two.’’ Like Herschel, he often 
observed from dusk to dawn It was often very cold in that 
lamp winter atmosphere of Ireland. Later in his life when he 


was at Dunsink he wore a buffalo coat when observing. He 
used to say that future astronomers would be deprived of such 
comforts, owing to the extinction of the buffalo, and that not 
withstanding the benefits he had derived from the coat, he 


regretted his small contribution to the obliteration of this nob! 
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animal We do not realize the difficulties of a genuinely 


ofessor Barnard, in 1899, wrote Ball 


lad 
s 

( 

~ 


1 | » | , , 1 

l night in the dome of the Yerkes Obse: 
vatory at a temperature of 26° below zero, and very often on 
other occasions below zero Lord Rosse devoted vears to mak 


ing a drawing of the great Nebula, which was a wonderful piece 
of w l- va PING enoraved } st 1 ] 
i WOTK, and Ing engraved on tj 


yecame a standard But 
+r m1:ea! . . 1 ’ 5 . 
now astronomical photography has swept away the value of the 


assiduous labors of the former astronomer 


I find a startling record at this period of the great shower of 


Leonids on 13th November, 1866 Kor this the telescope was 


useless We can see a meteoric shower with the naked eve, o1 


rather, to use the expression of a Boston lady of delicate modesty 


with the ‘* undraped optic. Ball records that, ‘‘ from a height 


of 60 feet above the ground I saw a spectacle which even afte 


an interval of forty vears was the grandest I ever remember hav 
ing seen The came in dozens, in scores, in uncounted 
hundreds and finally in myriads—the scene was unspeakabl; 
sublime — not a sound was heard It was in the dead silence « 


dark night that the heavens were scored in every direction b 


these streaks of light Sall came into contact with Sir Wm 
Huggins, K.C.B., the President of the Roval Society, whose 
investigations into the spectra of nebul proved they were 
largely gaseous in nature, and thus 1 vell known nebular 
theory was strengthened indeed, if not finally proved 

from 1867 to 1874, the subject of our story became Profess¢ 


of Appled Mathematics and Mechanism in a new institution 


rounde } the Government, called The Roval College of 
Science In this connection it is recorded that he used in 

ectu im apparatus, described by Professor Whllis, for the use 
of lecture ind experimenters in Natural Philosophy It con 
sisted of a multitude of part pullevs, gear wheels, etc., not 
nie tovs but actual machines, which bv use of a suitable frame 
vO could be built up into various shapes This episode 
became more than ordinari nterestil ecause I find that on 
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the ISth of November, 1872, Professor Loudon, of our own 


University here, wrote to Professor’Ball asking for directions ot 


1 model of this useful apparatus 


Ball became Astronomer Royal of Ireland in 1874, and 
held that post until 1892 at the Dunsink Observatory. This 


by the Government but by Trinity 


office was not supported 
College, Dublin I have not yet spoken particularly of the 
humorous side of this Astronomer Royal, but I must not delay 
that pleasure either to you or to myself The transit of Venus 
took place in ISS2, at 5 p.m., on the 6th of December At that 
hour in that latitude near the winter solstice the sun would be 
nearly setting. Onthe previous day he went through what he 
calls ‘‘ a full dress rehearsal by pointing the telescope to the 
sun and following it down to the position it would be in at the 
ime of the transit 24 hours after We found to his vexation 
that it would set directly behind a tree which belonged to a dear 
friend and neighbor, so he sent him a note and asked him 
whether he intended to allow his tree to stand between the 
Observatory and the transit of Venus His friend asked 
whether he could not arrange for the transit to be pulled off in 


assured that even the Astronomer 


some other pla e, but on being 
Royal could not arrange that, the obnoxious tree was levelled to 


the ground Next day it snowed and at the critical time the 


sun was invisible, but suddenly the sky lightened, the sun burst 


} 


torth behind that very place where the tree had stood the da: 


before, and the globe of the planet Venus stood out on the solar 


lise —the goddess Venus was, so to speak, looking into the 


{ 
tace of Apollo. But only for a few minutes; the sky became 
overcast and the phenomenon that will not be seen by any 
human eye until June, 2004, ended. The humor of this typical 
Irish gentleman sometimes led him into trouble. The work ct 


Piazzi Smyth, the Astronomer Royal of Scotland. on the Great 


Pyramid was under discussion, and Astronomer Ball made a fev 
remarks at the end of a lecture on ‘‘ Egvptology,’’ delivered by 


a friend of his, and some allusion had been made to the extra 
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ordinary conclusions of Piazzi Smyth, and he told a little story 
of a certain person who satirized the Smyth theory thus: ‘‘] 
think the methods introduced by Professor Piazzi Smyth are of 
the greatest interest. Thev may be extended not only to 
measurements of the Great Pyramid but to other measurements 
as well. In fact while the learned professor has been addressing 
you I have myself been making a series of measurements with a 
pocket rule I have been measuring the dimensions of my hat 
I find that if I divide the diameter of the hat by the precession 
of the equinoxes, add the logarithm of the depth of the hat to 
the co-efficient of aberration and take the square root of the 
whole, I arrive at a number which is the identical age of Mr. 
Gladsione.’’ This was duly reported in the daily press, which, 
of course, always reports anything unusual and outré, and the 
unlucky story-teller lived in dailv terror and in a bath of cold 
perspiration, expecting some gentle remonstrance from the Royal 
Observatory at Kdinburgh heaping coals of fire on his head 

The instrument at Dunsink was called the ‘ South Equa 
torial,’ its name not referring in any way to its geographical 


position, but to the name of its donor, Sir James South, who 


died in 1867, within a week of Lord Rosse. . De Morgan wittily 
described this gentleman as the ‘‘Starlit (k )night Ball took up 


energetically the work of attempting to find stars with a large 
parallax by what he called ‘‘reconnoitring observations '’ ; he 
did not find many stars with a large parallax and it was a valu 
able addition to astronomical science to know that there were 


very few stars with a large parallax, or in other words, very few 


nr 
stars within a measurable distance. I find it recorded that he 
worked at this tor vears up to two or three o'clock in the morn 


ing Before he went to Dunsink as Astronomer Royal he con 


sulted Professor John Couch Adams, of Neptunian fame, who at 


that time filled the Lowndean Chair at Cambridge, as toa line of 


g 
research. Professor Adams advised him to investigate the 

Theory of Jupiter's Satellites,’’ that of ‘‘ Precession and Nuta 
tion,’’ also that of ‘‘ The Satellites of Saturn,’’ and that of the 
‘*Librations of the Moon.” Any one of these is enough for an 
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ordinary lifetime but our subject lived the strenuous life. His 
life was a beautiful life, enlivened with his love for his children 
and his devotion to his grandchildren, of whom he had six His 
simple goodness appealed to their youthful minds, for on one 
occasion when they were listening to the history of the patri- 
archs, Robin, aged four and a half, inquired *‘ Was Abraham as 
good as Grandpa?’’ He wasa most delightful conversational 
ist and would expatiate in a charming way on the current topics 
of the day. He could talk most learnedly and interestingly on 
botany, zoology, geology and engineering ; and even political 
economy he could explain by the hour He had not the same 


views that Tennyson had when he sang, 


To this Astronomer Royal they were genial companions and 
loving friends 

The undergraduates of Trinity attended the observatory on 
four successive Saturdays in the spring, annually, and after a 
morning's demonstration they were regaled with a lunch fit for 
the gods. ‘The astronomer understood students and he reached 
them through head and heart, and also through the physical 
organs that lie below the heart. In 1883, he had trouble with 
his right eve. These were not the days of celestial photography 
and practical astronomy put a severe strain on the sight. He 
eventually completely lost the use of this eye, but that hardly 
diminished the activity of his life work On the 23rd of Janu 
ary, ISS6, the honor of Knighthood was conferred upon him at 
Dublin Castle, by Lord Carnarvon, then Lord Lieutenant of 
Ireland Thus he was endorsed by Her Majesty, the then 


Queen, as ‘‘ the man of ablest mind, highest ideal, and noblest 


pursuits in the kingdom,’’ to use the words of Professor Piazzi 
Smyth, the Astronomer Roval of Scotland. But that made him 


no better astronomer, for we have read somewhere that 
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\ prince can a 

\ art € it 
h ta i I 

(auid f 1 ial 

] t ' 1 

| T al 4 i 

I r dignit ul 

Are higher rank tha hat 


> 


I have referred to the attractive humor of Sir Robert Ball, 


for so we must now call him. His wit was such that never hurt 
it never with him took the place of knowledge —- his humor was 
the salt of conversation, not the food. Svdnev Smith well savs 


Man could direct his ways by plain reason, and support his 
life by tasteless food ; but God has given us wit and flavor and 
brightness and laughter to enliven the days of man’s pilgrimage 
and to charm his pained steps over the burning marle.”’ At 
this stage I give you a few typical illustrations. 

It was the practice of the Board of Trinity College to visit 
the observatory once a year; their proceedings were recorded in 
the Observatory Book. Sir Robert ventured to relate to the 
graduates of Trinity College, who were assembled at a dinner in 
London, the history of two clocks, in these words, ‘It was 
in 1795 that the Board recorded in the minutes their resolution 


to have two observatory clocks seut to Crosthwaite, an eminent 


Dublin clockmaker, for repairs. I cannot follow their bistory in 
all its details, not through each devious path, each changeful 
vear of existence [ must rather strive to give pictures from 


time to time of the thoroughness of the wav in which Crosth 
waite undertook his work, and of the splendid resolution with 
which the Board of the period dealt with the successive ei 
gencies as they arose. ‘The clocks were sent in 1793. After 
seven vears, in 1SO0, I find that Crosthwaite was asked whethe1 
they were ready It is quite obvious that the Board of 1S00 
must have contained some impatient and inconsiderate membe: 
who had urged this precipitate action! That it was wholly 
unreasonable to expect the clocks to be repaired in so short a 


time as seven years was clearly proved by the fact that even four 
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years later —in ISO4 we find that they were still in Crosth 
waite’s hands, In 1806, the clocks not having yet been returned, 
the Board, in their wisdom, felt that the moment for decisive 
action had at last arrived. They went so far as to instruct the 
Bursar to call upon Crosthwaite. This determination, inexor 
ibly carried out, was attended with the most gratifying success 
so much so that, when the Board met at the Observatory one 
year later,— in 1807 the report of the Roval Astronomer con 
veved the welcome assurance that he had no doubt whatever that 
the clocks would be speedily returned. Eight years later —in 
1815—one of the clocks was still in the hands of Crosthwaite, 
this most careful clockmaker, and so it was in 1816. That, I 
greatly regret to say, is the last record we have of these inter 
esting time-pieces Astronomers are, however, accustomed to 
deal with such vast periods in their calculations that even the 
the time taken to repair a clock seems but small in comparison 

To those who consulted him on scientific matters not con 
nected with astronomy he would sometimes send a playful reply 
A certain Charles Hare Phipps, M.A., (T.C.D.), bad invented 
a ‘‘ perfect ’’ lifeboat and had submitted all details of his marvel 
to Sir Robert, who wrote in the most eulogistic terms of the life 
boat as the super-climax of perfection, the non-pareil of naval 
architecture, unquestionably the most remarkable boat ever pro 
duced. Then followed this postscript—‘'P.S. The only thing 
uly dear Phipps, to be said against your invention 1s this—the 
lifeboat will not float.’’ 

Sir Robert was frequently invited to present the prizes at 
scoools. On such an occasion he wrote thus, ‘* To-night Iam to 
distribute the prizes at a girls’ school in the Guild Hall. I am 
to make a speech on goodness only knows what, but I under 
stand I must refer to Ruskin, the May Queen, the advantages of 
cookery lessons, female franchise, and the merits of higher grade 
schools for the daughters of college bed-makers. Then I am to 
give a lecture on behalf of ‘ District Nursing’ as per enclosed 
The theatre is expected to be filled, and phenomenal receipts are 


anticipated. This, too, in spite of the fact that the faith-healing 
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party is prominent in Cambridge. They now hold Sunday 
meetings to cry ‘down with priests, doctors, and all other em 
bodiments of superstition and vanity.’ P.S.—I am bursting 
just bursting (2000 Ibs. on the square inch) for a good talk 

He thus expresses his views on a certain professor whose 
energies as a college tutor were not remarkable: ‘‘ I believe he 
finds it almost impossible to do any work between meals. 

He once spoke of a scientific meeting, where the question 
arose as to why the woodcock, which starts in a bee line south 
in its migration from Norway, should arrive on the west and not 
on the east coast of Ireland. The explanation suggested by a 
learned geologist present was that the diurnal rotation of the 
earth during the bird’s passage had brought the west coast under 
it by the time it had reached Ireland. 

He spoke of one of his cousins who in his youth was fond of 
the wildest pranks and adventures, but was, nevertheless, of a 
religious turn of mind. When discussing his future career this 
hoy told his parents that the job he felt best qualified to fill was 
that of chaplain on board a pirate 

At another time it 1s recorded that there happened to be 
some discussion as to the duration of the coal suppy, and Sit 
Robert said People say that when the coal fields are exhausted 
we can use electricity, forgetting that its production depends on 
the coal supply You might as well say that if the horse that 


draws the canal boat drops dead, we could still pull it along 


with the rope.’’ This, in view of the modern development of 
the sources of electrical power, seems an extraordinary statement 
to be made by a leading scientist not very many years ago It 
simply proves not only that the visions of one vear become the 


realities of the next year, but also that what is regarded as 
impossible at one time becomes easily attainable not long there 
after We have learned, since this statement was made by a man 
of such repute, that Mlectra no longer crouches in the gloom of 


coal mine, but has her rainbow throne in the crystal glories of 


9] 


the waterfall, and her liquid hand holds the lightning in its 


grasp. 
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An aspirant for fame on the lecture platform asked him for 


some recommendation, and Sir Robert wrote: ‘‘ You ean, of 
course, refer to me when vou are writing, and, if they really 
ipply to me, vou will get such a character for a lecturer, that 
even though vou were directly inspired at the supreme moment 
by the angel Gabriel, you would create bitter disappointment, 
such would be the expectations that will be raised by what it will 
be my duty to mention 

Referring to his misfortune in losing his right eye, with 
unparalleled good humor he writes: ‘‘I commenced a new 
imposture on the public yesterday with a glass eye. The last 
word of the oculist to me was: ‘ You will fvobaé/y be much more 


comfortable than vou have been for a long time: you will 
rn d 


certainly be much safer.’ I have as yet really had no trouble, 
nor do I see any reason to dread it. I had to call on a high 
official the other day on some business for a friend. He hada 
wig just like *s, and he had a set of false teeth like 
no other human being. As I contemplated these curiosities with 


a steadfast gaze of my glass eye, the pious thought rose in my 
bosom, ‘ We are fearfully and wonderfully made 
I have referred to the great display of Leonids in 1866, and 
we will all remember that we expected a similar display in 1899 
On the night when they were expected, a kind of informal 
‘at home’'’ was given at the Cambridge Observatory, and as it 
was to be an all night séance, refreshments were provided. The 
iffair was, aS we remember, not a success; the astronomical 
wheel in Dame Nature’s huge machine slipped a cog, so to speak 
Sir Robert sends a cheque to pay for the supper, and adds 
But lest there should be any doubt as to my future wishes, I 
now hereby authorize you to order a sumptuous supper for all 
and sundry who will attend at the observatory on the occasion 
of the next meteor shower in the year A.D. 1933. I will pay 
the bills, no matter what they are. I will only leave you the 
trouble of discovering mv address, 
Writing to a friend on November 25rd he said ‘The 


meteors seem to have been a fiasco. The only person who saw 
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them was a police man, but that was on the wrong night I am 
assured that Constable B. 9999, on whose testimony the 
phenomenon is recorded, is a teetotaler. The only points that I 
have been able to collect with certainty are, that be was sitting 
on a gate at the time, and that he saw hundreds of stars; other 
wise the account is a little obscure 

But I forebear to add many other jewr d’esprit which are 
ready to hand, for fear this lecture may degenerate into a mere 
funny column. These which I have selected lend emphasis to 
that very old epigram that ‘‘a little nonsense now and then Is 
relished by the wisest men,’’ and in quoting that, I am referring 
not only to Sir Robert Ball, but to others who are nearer to me 
in their places and better known to me in their persons. 
Courtesy compels me to add, ‘‘ by the wisest women too,’ 
although, indeed, it spoils the rythm and the metre but what 
of that ? 

Sir Robert’s lectures at Cambridge were not limited to 
geometry ; with rare ability he expounded the deep theorems of 
pure mathematics by Laplace and Lagrange, the great French 
astronomers There are other alliances than those of war 
alliances in the pure and lofty empyrean of science, where 
dwelleth Urania, the Muse of Astronomy But our subject was 
not a scholarly recluse ; he had a public spirit For he ventured 
to mix in politics, which I will detail hereafter. 


In January, 1894, he had some unusual visitors at the 


Observatory. The great actor, Sir George Alexander, was about 
to produce the ‘‘ Masqueraders’’ at the St. James Theatre 
london The cast included an astronomer, and part of the 
scene was laid at an observatory ; so the playwright, Henry A 


Jones, and the actor visited the astronomer, and saw the inside 
of a real observatory, that sanectiss’mum sanctisstmorum to the 
outside world 

He speaks of the discovery of radium, and, in 1903, says that 
It gets over the greatest of scientific difficulties, 77 the question 


} 


of sun heat, for the sun’s heat could not have lasted more than 


YO) OOO OOO vears. if it 


is due to contraction, whereas the geolo 
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gists need 200,000,000 years for their theories — and now radium 
bridges the difficulty. As to the relative ages of the planets, he 
confesses he knows nothing, and adds with his usual quip: ‘I 
only say to the other planets what the Irish carman said to the 
old lady ‘ Whatever vour age is ma’m, vou don't look it 

At a certain convivial gathering at a nobleman’s house 
where many eminent men were entertained, Mr. Justice Ross, 
like Boffin of Dickens fame. ‘‘ dropped into poetry,’ and united 
in these verses the great astronomer and his equally famous 


surgeon brother, Sir Charles Ball 


Who ir th 7 sall 


¢ 
\ 


S 


splendid chivalry that distinguishes every true 
man of science, for such a one rises far above the jealousies and 
rivalries of professional renown, he savs, in 1907, when Lord 
Kelvin died Know ve not tl here j ntince std ao 

Nelvinl died Nnow ye not that there 1s a prince and a great 
man fallen this dav in Israel? No death since the death of 


Darwin has impoverished the world as has the death of Lord 


Kelvin Ife was a good man, as well as a transcendentlyv great 
mau No more nobly spent eighty-three vears ever were lived 
by mortal. Oliver Lodge said that he held it a high privilege to 
have lived in the same generation as Kelvin. This tremendous 
event has thrust all other things from my memory And this 
vreat Lord Kelvin was once plain ‘‘ Wullv Thamson 

Sir Robert was a distinguished lecture: It was Faraday 
who first suggested that he give the ‘‘ Christmas Lectures’’ at the 


Roval Institution ; he himself had given a famous course on the 


Chemistry of a Candle.’’ This Roval Astronomer and Lown 


lean Professor of Mathematics was so great that he lectured to 


children He began thus ‘This lecture is addressed to 
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children. I observe that a great number of elderly relatives 


ind a large number of adults who have no children to look after 
them are also present. Well, children, you and I will not mind 


all these grown-ups if they will only behave themselves pro 
perly.’’ 


perl, After that the children sat up and listened unweariedly 
There were present Sir Squire and Lady Bancroft, Madame 


Albani, the President of the British Association, and the Lord 


Chancellor of England These ‘‘ Christmas Lectures were 
afterwards published under the name of ** Starland.’’ 


Sir Robert was also one of the lecturers under the Gilchrist 


Trust. Its history is rather remarkable, A debtor of Gilcl 
owed him at one time the trifling sum of 417:10; not being able 
to pay it he offered Gilchrist in lieu, some property in Australia 
fronting on Sydney Harbor. This lot ultimately sold for 470,000 
and the Trust had an income of between three and four thousand 
pounds a vear. At these lectures there were 800 tickets sold for 


one penny each, and the hall was jammed long before the lecture 


began He was asked, ‘** Do you not get weary lecturing night 


ifter night ? His reply was ‘‘ Ask the good golfer if he gets 
weary hole after hole. When vou have some skill in your art 
the exercise of it is delightful.”” ‘‘ Blessed be the man that 
likes his job, let him ask no other blessedness,”’ savy I 

I delight to record the following: The Sunday [Lecture 
Society in 189 invited him to lecture to 5,500 people ; this 


Society informed Sir Robert that thev defied the British Lord's 


Day Alliance, they charged no entrance fee, and asked him to 


naine his fee Sir Robert declined to be tempted He had a 


large repertoire and on one occasion wrote to a lecture committee 


who asked his subject I can congeal vou with the ‘ Ice Age 
or burst you up with the ‘ Thunders of Krakatoa I can tell 
you awful whoppers about ‘Time and Tide.’ or petrifv vou 
with a burst of eloquence about ‘ Invisible Stars usually 
put the greatest rot into a lecture called ‘' Other Worlds 
There is a faint, very faint sowpcon of theology in * An Evening 
with the Telescope 
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In one of his lectures, to illustrate the unfathomable 


immensity of the Universe, he quoted these lines ; 


* But number every grain of sand, 
Wherever salt wave touches lat 
Numb r 1 sil gle arops the Sea, 
Number the leaves on every tree, 
Number earth’s living creatures all, 
Phat run, that tly, that swim, that crawl ; 
OF sand, drops, leaves and lives the count 
\dd up into one vast amount, 
And t en lor everv se arate on 
Of all those, let a flaming sun 
Whirl in the boundless skies, with each 


Its massy planets, to outreach 
\il sight, all thought; for all we see 
I:ncampassed with infinity 


Is but an island 


A scientist like Sir Robert was the object of some very 
strange correspondence. He once told his audience that he had 
received a letter from a grocer who desired to become an appre 


} 


he admitted he had lost the latter, but offered 


tice at Dunsink ; 
to reproduce it from memory and I fear that the reproduction 
was somewhat exaggerated. Thus it ran 

Most Honorable Sir, 

I am a grocer’s assistant, but my spirit is above the 
selling of sugsr and tea and longs for communication with the 
skies. Could you take me as an apprentice in vour observatory ? 
I pass many a sleepless night vearning for the sympathy of the 
planets \s I weigh out two pennyworth of figs in the balance 
I think of Libra. the constellation, and long to soar aloft with 
the celestials. The pair of children that have just come into the 
shop make me wish myself to be the Heavenly Twins, and when 
they ask for Bull's eves I thought of the constellation of Taurus 
and the bulls eve that twinkles above. In fact, dear sir and 
most honored individual, my mind finds no rest for the sole of 


her foot save on one of the heavenly bodies 


Sir Robert Ball had, as, indeed, he was entitled to have, a 








full appreciation of the pecuniary value of his platform work 
but he sometimes lectured without fee. In the spring of 1907 
he was holidaving in Devonshire and was by the chaplain of 
Dartmoor Prison asked to spare them an hour for one of his 

charming discourses He accepted, and the Governor wrote 
to say that the attendance would be upwards of 900 mong 


whom, besides the ordinary laborer, are many intelligent and 


well-educated men — lawyers, a parson or two, forgers, swindlers 
and professional burglars It was impossible to use a lantern 
as it would be unsafe to have so many convicts In a darkened 
room Having some suspicion of the social condition of his 


audience, it was difheult to begin in the customary manner, so 
he omitted the word ‘‘ Gentlemen but went right ahead He 
told them of the appearance of a new star, how brilliant it was 


and how deeply he was impressed with its glory, and so deter 


mined to point it out to people as he met them. Amongst othe 

people he encountered was a policeman, and he thus proceeds in 
his own words Having given the officer a short history of thy 
star I adjured him to mark it weil as he might never see sucha 
thing again The constable replied ‘ All right, Sir Robert, I]! 
keep my heve hon im The audience shook the building 


with an outburst of applause and the lecture was a huge success 
One of his audience afterewards wrote to him to sav how much 


they all enjoved his lecture, and how one of his virtuous brethren 


had said to the writer: ‘‘ Blime me, but when the high swel! 


shot off his mug and told us of that twinkler, and how the bobby 


} 


said he would keep his heve hon it, it was too funny to hold 


tight, and we just let her go and larfed and blarst the keepers.’’ 


There was a certain familiarity of phraseology that caught his 


In 1882, Sir Robert was appointed Scientific Adviser to the 
Irish Lights Board in succession to the late Professor Tyndall 
who had held the position for a number of vears It became 


his duty to advise as to the relative merits of the 


‘ : 
electricity or o11 to pierce the fo 


=~ 





et 


J 


t y ght-houses and light ships, and 
ll that appertained to the safety of vessels 
Upon at least one occasion Sir Robert showed some poeti 
skill, and his Muse, stirred by a knowledge of botany, celebrated 
n verse the plant called ‘* Klecampane,’’ which grows amongst 


he ruins of an ancient monastery in Kerry County 
, 


re continued a close attach 


; : ma or ‘ : ,; 
tent to his Alma Mater, Trinity College; the graduates ane 


lasses honored him exceedingly, and he in turn honored them 


When the Annual Dinner came round the question was ‘‘ Is Bali 
. | ee ee oe rf ] a 
ying is he going to speak If he was, th kets were 
readily taken Trinitv College, Dublin, was the first of the old 
Universities to remove the barriers and grant degrees to 
women, but Ball said the removal of the barriers does not 
mmediately produce the desired result \t the Zoo the old bars 


f the lion's cage, which would have kept in a locomotive, were 


hter ones Che public were quite satisfied ; but 





the lions were found cowering in the corner with timidity 


ht the bars were to keep the public from attackin 


asa member of the Solar Kclipse Expedition arranged by the 


Roval Societv and the Royal Astronomical Society Dr. Com 


mon, the President of the latter, was the responsible head of the 
ex pedition This was the first time in which the ceclostat was 
used to observe an eclipse. This is a plane mirror made of the 
finest material to give the maximum amount of reflection It is 


its axis, the light from the sun is always reflected in the same 
rection, notwithstanding the motion of the sun Che mirro 
1 this case was sixteen inches in diametet The telescopes were 


ulv mounted on solid supports a stall of Seventy persons was 
recntiar! roanized nd drilled ¢ } srve reforll tl rions 
revull iV OFgalliZea aula ariliead tO ODsSeTVve CarTelulliv Tile ariolu 
phenomena »as to utilize to the utmost the limited period of 
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106 seconds during which the totality lasted But every pro 


spect was pleasing and the weather alone was vile. The clouds 
for a large part of the time covered the solar disc, and in theatri 
cal parlance it was a ‘' dark house darkened by the clouds ane 
not alone by the lunar disc as properly happens at every wel 
regulated and well-behaved solar eclipse. Some very meagre 
results were obtained, but of the phenomena characteristic of 

total eclipse —the corona and the prominences not a trace 


was to be seen Apollo, with great gallantry that day drape 


himself in clouds, being unwilling to let these inquisitive men a 


Vadso, see Diana in his arms A solar eclipse certainly furnishes 
a very concentrated form of scientific interest just 1™ 4654 « 
totality — at Vadso that dav Nature keeps her secrets well 


though astronomers have with untiring vigilance attempted t 
open her treasure-house and learn the nature of the sun’s consti 
tution and genesis. The investigation of the corona and those 
wonderful hydrogen flames only séen at a solar eclipse under 
favorable surroundings will vet unravel the mystery “i 
better to have tried and lost, than never to have tried at all 

It would be unpardonable in me to forget that Sir Robert 
visited Canada, in IS8S4, when the British Association met at 
Montreal, and he tells us too of his visit to Niagara Falls. He 
does not mention that Toronto was then in his itinerary, but it 
soothes our anguished feelings to know that he did not visit 
Hamilton He also visited the United States in ISS7 and 1901 
and he speaks in glowing terms of Simon Newcomb as one of thie 
greatest mathematicians in the world He discovered, too, the 
jibes about Boston culture, quotes a New York paper in its items 
of news saving ‘‘ the sun ts 99,000,000 miles from Boston and 
that a Boston man, after hearing Macbeth, said he didnt think 
there were five men in Boston who could have written Shakes 

P iP 


ief lion in the astronomical cage, and he 


peare. He was thecl 
writes delightfully of the other lions and lion's whelps he met 
who were either couchant or rampant in the Colleges and Obser 


vatories He meets and describes men all the wav fron Brashear 


the instrument maker, to Carnegie, the millionaire This man 
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was many sided, and among the sides: golf occupied its own 
place,-— an honorable and getial player, When his antagonist 
missed a putt of six inches he never laughed, although good 


men have done such things, but on such melancholy 


occasions 
he preserved a stony silence 
A few words as to Sir Robert and politics are not misplaced 


but his scientific attainments and per- 


ile was a strong Unionist 
sonality had won the respect of every Irishman of every class 
and shade of political opinion. When the second Home Rule 
Bill was under discussion he was at an entertainment in Dublin 
where many eminent men were assembled, and a certain cleri 
kindly informed him in public that whatever changes might be 
miade in Ireland, men of his standing would not be interfered 
with. ‘I am delighted to hearit” was his reply, ‘' I had grave 
apprehension lest a Nationalist Government might begin to 
tamper with the constellations I feared I should live to see th« 
day when I should look on ‘‘ great O’Brien (not Orion) sloping 
slowly to the west 

He attended a political meeting for the first timeon the loth 
February, 1895, in order to hear the Hon. Kd. Blake, formerly 
Prime Minister of Canada and then an Irish Nationalist member 
He was urged to become a candidate to represent Trinity Colleg« 
but he declined However, he addressed public mectings, but 


with indifferent success ; he was monarch on the lecture plat 


form, but the heckling of the sturdy and independent elector 


was net congenial. On one occasion he was almost knocked oft 
hic fect } urdv vlassblower at the back end he hall vel] 
iis feet bv a sturdy vlassbiower at the back end of the hall vel 

ing out, ‘‘ I sav, Professor, you've got vour blooming heve at 


the wrong hend ut the telerscope 


\s this address has been cast into a popular mould, there 


danger in our losing sight too much of the splendid service Sir 


Robert performed for the advancement of science He wrote 
treatises pertaining to the domain of pure mathematics, and 
notably on the ‘' Theory of Screws From 1876 to 190 
he published manv memo; this recondite subject } 
i pubil ned man Memoirs upon this reconaite ubirect an 

in 1900 these were combined into an imperial octavo 








volume « {4 pages this was h 
it ic] | ¢ ) S ( i 

S11 Iz rt howe\ could no ( 
ind he « i Section A of } 
Manchest \J in ISS7, with wv 
Parabl wi] was a popular 
his drew f an Aberdeen Profess 


the time of Galileo has any attempt b 
and wisdom in tl hannie ind me 
the exp nent with much he 
Sph \stronom st last 
This ap] 1 1YOS, and struck hi 
i writer » TEN din t flowers 
embellished his manv books on des« 
had even successfully inj f i 
Screws should have produced so 
tional a t t fl 1 tedious 
reductions This simply proved the 


is magnum 


opus, and 


leading 


| ination of his theory 
hese words Not since 

n made to combine wi 

« oO vould venture on 
ess \ treatise on 

of his mathematical works 
riends with wonder that 
of sparkling fan which 


and who 


ive astrononiy 


pleasant flavor into thre 


unromant ind unen 


‘ 


rononiical 


the 


routines of 


a> 


ange of mans 


d that 


power and gifts But we are reminde literature has pro 
duced other parallels, for did not Lewis Carroll write \lice's 
Adventures in Wonderland and Through the Looking 
Glass \nd who has not laughed at the bright little giri who 
followed an extraordinary rabbit into a rabbit-hole, who does 


not drown in her own tears 
rusty old Duchess, a 
Hart 


And we know that 


with the « 


and a March and plays « 


Charles I,. Dodgson, a 


most 


+} . T 
tiis same 1.2 


but entertains us 
mad 


ro@due 





with conversations 


a sleepy Dormouse 
with the Queen of Hearts ! 
th it} 
mathematician 
Mode 
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posterity as one of the two or three greatest British Mathema 
ticians of his generation. 

He is best known by his books for the man at leisure, for 
the lady in her boudoir, and even the man or boy on the street 
Here are some of them, ‘‘ Elements of Astronomy,” ‘‘ The Story 


of the Heavens,’’ ‘‘ Time and Tide,’’ ‘‘ The Cause of an Ice 


Age,’ ‘‘ Starland,” ‘‘ In the High Heavens,” ‘‘ The Story of the 
Sun,’’ ‘‘ Great Astronomers,” ‘‘ The Earth's Beginning,'’ ‘‘ A 
Popular Guide to the Heavens,’ ‘‘ In Starry Realms When we 


consider these we do not wonder that his life motto was a passage 


from Carlyle noted in his papers by his son, W. Valentine Ball, 


as far back as 1879 


In all that I have written I am deeply indebted to the most 


iteresting ‘‘ Reminiscences and [etters,’' edited by his son and 
published a few months ago 
It grew late and dark with this genial savant on the 25th of 
November, 1915, at the ripe age of seventy-three, and it was 
then that the black camel knelt at his gate. At the funeral 
service his favorite hymn, ‘‘ Rock of Ages,’’ was sung. He was 
buried at Cambridge, near the grave of Adams, the discoverer of 
Neptune. His scientific work thus ended, but it will live, and 
will form a great pillar in that mighty temple of human wisdom 


which the ages are slowly building with many a strong tower 
and stately column and graceful minaret, upwards, ever upwards 


for the benefit of mankind and to the glory of God 








A CENSUS OF THE SKY* 


T might seem to call for some remark, even some apology, 
that at a period like the present one, when all the ordinary 
interests of life disappear or are transformed, that we should 
meet as we had arranged to meet, and exchange with one an 
other the indifferent truisms of Science 


There occurs to me a passage in a book 


Vv a celebrated 


private inthe French Army, Anatole France's ‘‘ Isle of Pen 
guins’’ ; one of his characters, deeply depressed by the pervers 
itv of the world, reflects somewhat as follows Since riches 


and civilization bring as many occasions for war as barbarism 


and poverty, since the folly and ill-will of mankind are incurable 
there remains one good deed to do: some wise man shall collect 
> } rite })] ry thi ] 1et t Then vw } 1 t hirl 
enough dynamite to blow this planet up hen when it whirls 
in fragmeuts across space some imperceptible alleviation will bh 


felt in the universe, and some satisfaction will be given to th 


i LU t 
] ‘ . thi } 4 } ] } , + , + 
universai conscience which, indeed, Goes not Exist. 
While we feel as much as any this same savage indignation 
Swift's a indignatio that folly and ill-will have still the 


power to throw the whole world off its bearings, and while we 
ire all of us busily engaged in collecting enough dynamite to 
slow some parts of it to pieces, it is wise to remind ourselves that 


al 


there are other things besides folly and 1l-will that are ind 


! i€ 
structible, and among these is the desire to increase natural 
] | } Va? y ] ; } + > } 
knowledge We are at no loss for precedents. Our Roval 
Society was initiated in the midst of civil wat Phe ‘' Principia’ 
was published a vear before the Great Revolntion Keple 
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found in the Thirty Years’ War no reason to interrupt his study 


of the planetary motions, nor did Gauss in the invasion of 


Napoleon. Successive volumes of J/écaniqgue Céleste came out 


and bear evidence in their titlepages of the political changes of 





the French Revolution Hevelius and Gassendi corresponded 
across a Europe in turmoil, and Newcomb worked with 
Delaunay at the theor fa thile the Paris Commune 
Welaunay at the heoryv of the moon while the aris Commune 


raged almost to the doors of the Observatory Had Science 


ilways waited to advance till times were quiet, 1t would have 


nained to this dav uncommonly near to its starting-point 


The subiect to which I ask your attention for an hour to 


night is not a small one It is nothing less than the simplest 
mprehensive view of the whole Universe Indeed. it i 
comprehensive View ol! the whole Ul niverse nadeed, it 18 a 


subject so vast that some have felt that in the study of it human 


interests would shrivel away, and that as we looked steadily upon 


ts extension we should be gripped with a kind of nightmare 
] ‘ q - 1 1 ’ } a 1 a 7 - 1 | 
and feel ourselves shrinking and shrinking, and, unless by 


violent effort we could throw it off, we should seem in risk ot 
inishing altogether But somehow that is notthe case. ‘Those 


who most study the matter and those who have lately comtri 


buted most to our knowledge are men well known to us, very 

| human beings. Certainly, a correct conception of the Universe 

must govern the scale of ultimate values of all we do; but in 

the history of ideas it is remarkable that interest in it has for the 

most part of the time been satisfied with obvious fairy tales, has 
1 


in fact, been limited to the very narrow outlook of what w 


night immediately expect to accomplish, and has often com 


> 


bined in individuals an intense interest in the question, with 


total disregard of any but the individual's point of view as if 
ven the “‘ vasty halls’’ of cosmogony were an arena of sport 
«} ' +1, + 


here the attempt was not so much to reach the goal as to gait 


a place for self-expression, As President for the time being « 


the Royal Astronomical Society, I keep a certain amount otf 


nvoluntary touch with such peopl ‘*T should like to know 
Sit one of these wrote to me severely the other day ‘wi 
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steps are being taken to spread the true 


il 


chronology and the truth 


ibout the Deluge. 
Well, pet 


haps that gentleman was a paradoxer; but it 1 


interesting to bestow a side glance upon the way astronomy 
has been viewed by acute and catholic minds before the era 


when the commonplaces of diffused education had blunted a good 


many first-hand judgments i shall not take vou on a long 
excursion into history. Two or three pregnant examples will 
suffice. 

Take Bacon's New Atlantis In that remarkable coun 
try, which had fiving men and submarines and scientific stock 


breeding for the production of definite variations, it is true that 


thev had a statue to ‘‘ The Inventor of Observations of Astron 
omy but the systematic contemplation of the 


heavy ens does 


not appear to have formed a part of their national scheme of 


study 
~ 4 a 
l re ¢ — 
' 
\ 
his passage is very disappointing to an astronomer. These 
hermits, with their magnificent equipment, state support, and 
Boards of Visitors were nothing more than meteorologists 
Or, again, take Shakespeare It is admittedly difficult to 
make out 1a Ws inl Shakespeare held on any subject 
ind I shall ha o quote words put into the mouth of the light 
minded Biron in ord o make my point: but we know that the 
ircial figures of his plays are chietl edants and policemen ; in 
varticular, the pedant moved him to a school-boyv ribaldrv, and 
from two or three references I surmise that astronomy, as a 
science and apart from its poetic incrustations, struck him as 
et another field for the preciosities of his ineffable pedants 
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Study is | heaven’s glorious s 
Phat will rt sear Wil SAL 
Small have con ial pludders ever w 
Por A { t if n olliel ' s 
{ eal godifathers of heaven's lig 
Tha ti nant > ever\ star 
Ilave no more profit of their shining v 
Phan those that walk and wot not what thev ar 
Too much to know is to know naught but fame: 
\nd every rdfather rive ain 
That is all there is in it --giving names; science is nomin 
alism. We may brush it aside; but, after all, it is a painfully 


shrewd hit against science 
Now there was a very considerable and extended Astron 
omy in Shakespeare's and Bacon’s days. Copernicus’s work 
De Revolutionibus’* was 50 years old, It was, perhaps, not 
much read; but for a century before devious voyages, lasting for 
months or years, to North and South America, to South Africa 
ind to India, had made indispensable a working knowledge and 
ymmand of its practice, and with the practice grew up a scien- 


+¢ 


fic interest 


1 
} 


In 1578, Mr. John Winter passed through the Straits of 


Magellan ‘‘in a good and newe shippe called the ‘ Elizabeth, 
of 8O tonnes in burthen,"’ as one of Sir Francis Drake's consorts 


Neither the place nor the vessel can have been favorable to 
scientific abstraction, yet he determined his longitude there from 
an eclipse of the Moon, The passage (‘‘ Hakluyt,’’ Vol. VIII. 
is a gem of accurate astronomy, and I shall read it to you, for 


every point mentioned is relevant and the conclusion quite justi- 


Now take a long step from the sixteenth to the nineteenth 
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century Passing bv a ftastidtous and academic writer like 
Tennyson, we find a mind as careless of fact and untrammelled 
by convention as Mark Twain deriving perpetual delight from 


the mere scope and scale of things astronomical, in its revelation 


of the very size of the world measured in millions upon 
millions of anv units we can tell off It mav be hare 
exactly what this proves, but we mav allow it to suffuse the 
ontinual plodder with a gentle glow of satisfaction; for without 
his continual plodding it would never have come to pass 
Undoubtedly the last word of Astronomy must be 
before we can solve the problem of the philosophers upon tts 


material side and place Man in true relation to the Unni 


} 


I suppose it is Evolution that has made us feel responsible 


for the Universe, incurring thereby, it must be confessed, a ver) 


heavy responsibility with fate --a debt that would cause serious 
anxiety, had not philosophy long since become reconciled to 
permanent bankruptcy I mean that, before evolution became 
one of our fixed ideas, ‘‘ man’s place in nature’’ was an ex 


pression to which only an arbitrary meaning could be attached 


There was no obligation to connect the phenomena of the Uni 


verse in one long chain Nothing is more illuminating as to our 
change of view than to read the words of one of the lesser lights 
of the eighteenth century for example, Thomas Wright, ot 


Durham, is an author who ts often mentioned alongside Imman 
uel Kant as having foresight of the Nebular Hypothesis, the 
great evolutionary scheme of Astronomy Without depreciating 


the insight and the breadth of Wright's views on extended 





stellar svstems, the defect the perfect defect of any evolution 
ary glimpse in them strikes one now as an almost painfu 
mcompetence We are sensible of the necessity of connecting 
all the parts of oul stem That 1s the genera nterest ill a 
sur\ of th Vv, outside of protessio interest in a difficulty 
overcon Ali¢ or <¢ riosit\ VhI1C Nace Ss soon rea ] 
mere magnit is the reason why we co back to 
again and again, especially now that we are beginning from 
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nore than one avenue to approach some reliable, and one hopes 
some permanent, point of view. 

That avenue which I would ask you to follow this evening 
is the most direct, the least artificial, and one would say the 
driest of all— mere enumeration, a census of the sky But it 1s 
not dull. As TI shall show you in a few minutes, the material 
dealt with is of compelling beauty, and, as scientific people, I 
hope it may interest you to have in brief review the considerable 
difficulties, instrumental and of organization ; the many collateral 
questions that must be answered before any confident, or even 
approximate, reply can be given to the main question of how 
many stars there are, and how they are distributed. And, 
finally, as British people, I think vou fee! a legitimate pride to 
know that this great and unobtrusive work, of central interest 
to astronomy, that I wish specially to describe to you is all Brit 
ish (including therein the Transvaal Colony) in design and 
execution: the plans made, cost provided, and very many of the 
photographs taken by an amateur, the late Mr. Franklin-Adams, 
a business man of London; the instrument designed by Mr 
Dennis Taylor, and constructed by him at Cooke's works at 
York ; the series of photographs completed at the Union Obser- 
vatory at Johannesburg ; and the counts performed and discus 
sion made at Greenwich Observatory by Mr. Chapman and Mr. 
Melotte, two members of the staff. 

[Specimens of the Franklin- Adams Chart were then shown | 

You now see, more or less, the problem before you To 

give a name to every fixed star’’ ts atask that we are not 
likely to undertake. The Arabs gave many of them proper 
names, which no doubt had some meaning, more or less sub 
stantial, but, now passed on to the Westerns with meaning, pro 
nunciation and accent alike in corruption, uncertainty, and dis 
repair, form a somewhat trying detail to the comscientious 
istronomer. Ptolemy adopted in his list a crude and picturesque 
description with reference to the asterism. Thus in Leo, ‘‘ The 
one on his muzzle,’ ‘‘ the one in his throat ‘‘the one at the 


tip of his front right claw,’ ‘‘the western one of the three on 
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his belly,’’ ‘* the one at his heart named Aegulus.’’ It is a 
troublesome plan, even for the 1000 stars of which he gives the 
places Tycho, who was only incidentally a stellar observer, 
using the stars to fix his planets, carried on the method of 
Ptolemy Not till the beginning of the seventeenth century did 
Baver, in his ( vanometria, introduce the device of attaching the 


a) 


(;reek letters to stars in each asterism. “The advent of the tele 


scope, with Hevelius and ourown Flamsteed, utterly outran any 


inethod except that of numbering. Lalande’s A/istoire Céleste in 
ISO1, contained 50,000; Argelander’s Durchmusterung in 1847, 
upwards of 300,000 in zones from the Pole to Dee 10°. At 


each effort the object, if completeness was its aim, showed more 
mountain-like. In 187%, at the instance of the stronomische 
Gesellschaft, Argelander’s zones were revised by the co-operation 
of many observatories in unwards of 20 years It hardly 
requires proof that with such resources as astronomy has ever 


] 
} 
i 


commanded, or is likely to command, a complete enumeration 
upon these lines will never be attained, 

If we are to attain a conspectus of the whole, now or ever 
we must make a radical reduction in the demands of our problem 
Now in all these catalogues the places of the stars are recorded 
in their two co-ordinates, and the calculations made in each 


individual case which are necessary to allow for precessional 


change in the axes of reference. We cannot dispense with 
knowing where the stars are, but, 1f our interest 1s in their num 


bers and regional distribution, we can dispense with recording 
precisel\ And if we can take an elevated standpoint, and elim 
inate the earth, like the Blessed Damozel leaning on the gold bat 


of Heaven, and see far below 


why then we may dispense with the troublesome calculation of 
precession. There is almost nothing left then except to count 
But let nobody think lightly of the importance or the diffi 


culty of mere counting. When the White Queen put to Alice 


the question 
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llow many are one and one and one an one and me and one and ne and 


me and one and one? 


Alice does not appear to have been able to answer. Counting 
correctly is very difficult, because, so to put it, it requires from 
the mind a simultaneous hold upon past, present and future 
Counting, on the other hand, done carefully, is the only region 
of knowledge, even of mathematics, in which we can be perfectly 
sure we are not talking nonsense. Much that was formerly 
classed as geometry is now classed as nonsense. A circle fas no 
properties until we say how it is generated, and we cannot say 
how it is generated until we make up our minds about continuity, 
uid continuity, to make it intelligible, is now explained in terms 
of discontinuity — that is. of counting 3y counting, infinity is 
made comprehensible, like an infinite perspective collected upon 
the narrow space of the retina, as a sequence of converging 
increments — countless in their number, but countable in theit 


sum or effect. 


Counting by samples is another name for the theory of 
statistics, of averages, with the ramifications of probability, with 
out which matters so disparate as life insurance and the kinetic 
theory of gases would be equally unmanageable 

I need not labor my point. In counting the stars you have 
to count a sum of which you cannot tell in advance whether it 
will prove infinite or finite ; you have to count by samples ; you 
have to count by receding steps or grades as far as you can, and 
then infer the continuation ; and, if these grades are incorrectly 
or debatably demarcated from one another, your results are 
liable to such enormous uncertainties that they can hardly be 
held to add anything to knowledge. To have performed this 

ounting, as I believe it has been effectively and securely per 
formed, is, in my judgment, a very great feat, one that would 
appropriately be taken as a land-mark tn the history of the mind ; 
and I do not think I detract from this at all, if I say that those 
who have actually done the work would not fay claim to more 


than to have well and truly performed a straightforward task by 
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established methods. None the less, it marks a stage, a fact 
among many surmises, an achievement amony many attempts. 
Counting the stars is nothing else than the method of 
Herschel’s star-gauges, supplemented by a due consideration of 
all the difficulties which he overstept by intrepid assumptions. 
When Herschel set up his 20-foot reilector of 18-inch aperture, 
it was mounted vertically in the meridian with a sweep of a littl 


17°C 


more than 214°, and he surveved the sky in zones of declination, 
taking everything that came by, and, in particular, counting the 
density of the fields. These counts were the bases of his papers 
on the ‘‘ Construction of the Heavens,’ which showed that the 
sun was roughly in the centre of an irregular disc-shaped uni 
verse of stars, researches that I have heard Sir David Gill 
describe as ‘‘ almost inspired.’ gut, if he was inspired, like 
other prophetic writers we have to repcse upon his genius, for 
criticism spoils him. It will not do now to teil us that a seventh- 
inagnitude star may be generally taken as seven times as distant 
as a first-magnitude star. In the first place, calculation is 
] 


astray, 25 times would be more defensible; but, in the second 


though we know that distance must raise magnitude, generally 


speaking, we are quite unable to verify the connection But, 
most of all, though Herschel ‘‘ looked further into heaven than 
any man before him,’’ for this purpose he did not look nearly 
far enough His statement thatin a field of 15 diameter he 


counted some 70 or SO stars, with occasional fields very much 


denser, would indicate that he reached to the 13th or l4th mag 
nitude. The loth magnitude more than doubles the 14th, the 


16th nearly doubles the loth, the 17th nearly doubles the 16th 


How does the progression continue ? Does it go on for ever ? 
Does 1t go on even as far as We can see ? 

No real advance upon Herschel’s gauges could be made 
without photography both because the record is permanent, 


¢ 


and so leaves vou time to count, and also because the faintness 
of the stars that vou can reach ts almost unlimited 
let me now leave generalities and give vou, as succinetly as 
a6 } 


possible, some details of the work I am describing 


~ 
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The instrument consisted of a 10-inch lens of 45-inch focus, 


with a 6-inch lens of 27-inch focus, mounted, together with guid 
ing telescopes, upon an equatorial mounting of the English 
pattern. 

With the 10-inch lens, 17° x 17° upon the sky are depicted 
upon a plate 15 inches square, and to cover the whole sky upon 
this scale 206 plates were requisite. The exposure of each plate 
was 2 hours or 2 hours 20 minutes, so as to reach the faint stars. 
Northern plates were taken at Mervel Hill near London, the 
Southern at the Cape, and afterwards retaken at Johannesburg 

There are certain defects in every lens which are practically 
incurable when a wide-angle field is desired — namely, curvature 
of the field, and astigmatism or replacement of a point-image by 
two line-condensations at different distances from the lens. It 
is the art of the lens maker, and of the lens user, to split the 
residual errors in the least harmful manner. 

I show two slides taken from the same plate. The first 
shows the centre, with images perfectly round, small, and 
defined. The second shows the corner. You see the elonga 
tions in two perpendicular directions succeeding one another, 
separated by forms that suggest flights of beetles. That these 
forms are so little pronounced at some 10° from the centre is the 
proof of the excellence of lens, focussing, and guiding. Itis the 
practice to suppress them somewhat by sacrificing almost imper 
‘eptibly the definition at the centre, so that the smallest images 
ire actually not at the centre, but half or two-third the radius 
iway 

But this enlargement of image means diffusion of light, so 
that the instrument is less sensitive and the stars recorded are 
less numerous at the margin of the field than at the best focus 
[n matters of counting this is very important, because it would 
produce a svstematic deviation Accordingly, the average 
amount of this deviation was determined and allowed for 

It was proposed to count a sufficient number of plates to 
determine the number of stars, zone by zone, in each of 8 zones 


of galactic latitude. Actually 30 plates were employed. They 
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are all in the northern hemisphere, but lie both north and south 
of the galactic equator. In each count it was proposed to deter 


mine the number of stars of each separate magnitude, and here 


arose one of the most crucial, as well as difficult, points. The 
magnitudes recorded ranged down to the 17th, or nearly to the 


10-millionth of the brightness of a first-magnitude star It was 


necessary to have the scale of magnitudes correct over this wide 
space, because any deviation would here again become system 
atic, and, altering the number of stars in each grade, would 


altogether distort the estimated total of the 


vast number of those 
beyond the reach of counting. You will understand how diffi 
cult it was to establish an absolute magnitude scale, when the 


limiting brightness of stars recorded varies upon each plate 


with the purity of sky and the elevation above the horizon. I 


will onlv allude to this difficulty and sav that a scale was deter- 


mined and was applied to each plate in a way that is practically 


beyond criticism Standard snecimens of the results were 


photographed within the eye-piece of the measuring 


I ig microscope 


\ 


for comparison with the plates, and were used for the estimation 


of the magnitudes of all the stars. The counting then pro 


ceeded Two computers were employed on the work, and it 
occupied them for two years. Success depended very much on 


skill 


After the counting had proceeded for a few weeks, one of 
the earlier plates was recounted, and the number of stars detected 
was increased by 50 per cent. The whole of these early plate 
were, therefore, repeated, and, fortunately for finality, subse 
quent practice did not increase the numbers any more. Only 


the magnitudes from the 12th to the 17th were counted, as the 


material was already available for stars brighter than the 12th 


ot 


These were found partly in some counts made at Harvard 
stars from mag. 2 to 4°5, partly in some counts of Schwarzschild 
for mag. 9 to 7°5, but chiefly from the Greenwich Astrographic 


Catalogue from mag. 9) to 12°), and a special Greenwich photo 


metry with the Franklin- Adams 6-inch lens for mag. 6°5 to 9-0 
The standard bases of all these, I need hardly say, were most 
carefully brought into adjustment. The results of this laborious 
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work are contained in a table [a diagram representing the table 
was shown on the screen} 2B, is the number of stars of magni 
tude # and brighter in each zone; its logarithm is charted here 
in place of the number in order t ke the diagr: : 
ll plac rT ti { 1 fer to make the diagram more com 
pact In this diagram 1s contained the net outcome of the 
counts. the distribution of stars, zone by zone, for every mag- 
nitude 
All the 8 curves, representing the 8 zones, are independent 

and their similarity, which strikes us at once, is convincing proot 
of their reliability. They tell us that in every zone the propor 
fron of stars of the various magnitudes 1s the same, as far as the 
e “- lla I ] k ln ] + t] . he ; ‘ ae 
ye can follow f we look closely into the numbers it appears 


+) 1 


that there is perceptible a slight gradual increase of the propor 
tion of the fainter stars as the galaxy 1s approached. Bevond 
this there ts a gradual increase in density in the whole numbet 


f . 


of stars in the zones, so that at the equator of the galaxy it is 5 
times as dense as at the poles. The progress is quite gradual 
over the whole sky. The galaxy does not produce a sudden 


rise in the numbers, and simply drops into the statistical regis- 
ter of the whole. Statistically, in spite of the striking contrasts 
vou have seen, the ‘‘ divine disorder’’ of the heavens, there are 
no other features than this, a gradual condensation amounting 
at the limit to three-fold towards the galaxy accompanied by a 
slight relative increase of the proportion of the fainter stars 
That is, the statistical description of the distribution or the stars 
when attention is diverted from their random features 

Passing now from the distribution tn zones to the question 
of the total number of stars, the table on p. 76 exhibits the data 
before us: 

We see that. as we take in successively the 2nd, $rd, down 
to the 17th mag., the proportionate increase of numbers, which 
is at first 3 per magnitude, falls progressively until at the 17th 
it is less than 2, 

Beyond this it is almost wholly a matter of inference, but 


Mr. Chapman and Mr. Melotte 


the progression is so steady 


have reduced it to a formula which, withtn the ascertained range, 
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admits of very little latitude, and shows that at about the 23rd o1 
24th magnitude we should have reached one-half of the total 
and that this total would lie between one and two thousand 
millions 

I say it is a matter of inference, because hardly any material 
was available to carry on the counts. Two plates, howeve1 
were forthcoming, one by that keen observer, Mr, D’ Ksterre, and 


one from Mount Wilson, and these when counted confirmed the 


forecast numbers in re-assuring fashion beyond the 20th magni 
tude — that is to say, down to stars 100 million times as faint as 
those of the Ist magnitude 
NUMBERS AND EQUIVALENT LIGHT OF THE STARS 
‘ d Nun t ‘ ‘ . 
m t £ 
1°6 Sir > if 
9g a Ca 
Oo a \ 
vo I o I +3 
‘ a ’ t 
’ } 1Sy , ; 
" c% os 13 
i | > ¢ 2.20 5 14 
; se 2 5‘ 4° 
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{ 12 ool ( ( 
2 I} 2 20,4 5 ose 
3 O-l4 190 4 Sa 
1 4 7 2X ‘ 3 t 
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a) 17 25.400,6 It HOS 
79-18 38,400.00 ( 
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‘There is the result, between one and two thousand mullions 
I suppose somewhere about as many as the people on the 
globe I confess to a feeling of a kind of relief in finding that 


the total is measurable and, comparatively speaking, moderate 


It mav be well to add a few sentences 1n consideration of the 
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validity of the conclusion, which is, and must remain, an extra 
polation beyond knowledge, a summation to infinity of a series 
not completely known. 

We begin by admitting that we are dealing only with the 
sensible universe. There may be dark stars —in fact, we know 
that there are, because some of them have been detected in 
occulting the bright ones, as in the case of Algol. Naturally 
these are not counted Nor do we reckon with the possible 
presence of absorbent matter in space, by which the magnitudes 


of all the stars seen would recede progressively, so that at the end 


of the series their light would be extinguished. Nor do we pro 
fess to unravel the details of globular clusters——we cannot do 
everything For that matter, there is inflnite detail in a drop of 


blood or an atom of gas We take the stars as we find them 
The relevant question is the possibilitv of a sudden break or a 
gradual change in the progression after the 20 terms that hav: 
been so carefully examined 

There would seem to be a certain kind of control in the total 
light received, but this proves illusory 

The total of starlight is a sensible amount, but it is very 
smali. The table shown above is taken from a paper by Mr 
Chapman ; it shows that, for the ascertained magnitudes up to 
the 20th, the total light emitted is equivalent to 687 first-magni 
tude stars, which again has been put as equal to the hundredth 
part of full moonlight If we include all the remaining stars, 
following the formula, the equivalent addition would be only 3 


more first-magnitude stars. But this tells us very little ; for if 


the progression were so altered that the total number were 


infinite, the total light could easily still be fiuite, owing to the 


reducing effect of higher magnitude 
We leave off our summation at a point where each addi 


tional magnitude is adding more stars than the last If this 


+ +t 


went on, the number would be infinite. But, according to 


formula, between the 25rd and 24th magnitudes there is a turn 


i 


ing h each new magnitude adds less than befor 


point, after whi 


The actual counts have been carried so near this turning-potnt 
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that there is no reasonable doubt of its existence. Giyen its 
existence, the number of stars is at least finite. That is a con 
clusion that I regard as open to very little doubt. At to the 
value of the sum, naturally we can be less positive. But all the 
indications of the earlier terms must be misleading if the margin 
between one and two thousand millions is not enough to covet 
the whole. 

It is sometimes said that the British amateur astronomer, to 
whom in the past so much enterprising construction and so much 
sound and brilliant observation is due, has disappeared. No 
doubt the growth of organization continues to add strength pro 
portionately to the great observatories. I imagine that the num 
ber of excellent amateurs to be found at any one time was neve1 
large. While we can produce men like Mr. George Higgs o1 
Mr. Franklin-Adams, whom unhappily we have lately lost, o1 
Mr. D'Esterre, who happily is with us, we need not be anxious. 
Professor Hale himself, like Herschel and Gill, an amateur 
turned professional -- once defined an amateur as a man who 
pursued astronomy because he could not help it. Mr. Franklin 
Adamis satisfied this test. Sir David Gill tells how, in 1903, he 
came to the Cape with the ‘‘incougrous double purpose’’ of 
curing the rheumatism and neuritis, which at that time almost 
incapacitated him, and of photographing the southern heavens 
While the moon shone he retired to the sanatorium at Caledon, 
and at the end of the fortnight, against the best advice, he would 
emerge to sit up at nights and expose his plates. He has left the 
world a great gift, and happily has placed it in trust with the 
best possible hands, those of Greenwich Observatory, and it has 
been dealt with there as it deserves, with the unassuming 
mastery that so well becomes that great house, 


vy the Astrono 
mer Royal, Mr. Chapman, and Mr. Melotte, to the last of whom 
vou owe the beautiful slides I have shown you this evening. 


We cannot dispense with discussion and with theory, and I would 


ve the last te depreciate them, but I think you will feel we 
always owe a special debt of gratitude and affection to the inde 


fatigable, the truth-loving race of observers 
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December 28, 1915.—A Regular Meeting of the Society was 
held in the Rooms, at 198 College St., at 8 p.m, Dr. Albert D 
Watson in the chair 

The following nominations were made 

Mr. Fred. S. Carrington, Washta, Iowa, proposed by Mr 
1). Jt. Hadden and Mr. A. F. Hunter. 

Miss I. P. Hayward, Mooresville, Missouri, proposed by 
Mr. A. F. Hunter and Mr. W. E. W. Jackson 

Mr. S. A. Kearle, Ross Bay, Victoria, B.C., proposed by 
Mr. J. R. Collins and Dr. Albert D. Watson 

Rev. A. C. Ridsdale, M.A., F.R.A.S., et Darjeeling, 
India, proposed by Dr. Albert D. Watson and Mr. J. R. Collins 

Election will take place at the next regular meeting 

The Librarian reported 66 publications received during the 
month 

Mr. Collins referred to the predictions for the next two 
weeks. 

The change in the form of the Red Spot on Jupiter as noted 
by Mr. Denning, in 7% Observatory, was referred to by Mr 
Collins 

Mr. Blake reported having seen the recent comet near 6 
Orionis. 

The paper for the evening was given by Mr. James Young, 


on ‘*The Humidity and Temperature of the Earth's Atmos 
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phere Explanation was first given of the terms used in 
hygrometry and the laws which govern, with examples. The 
effect of humidity on our physical condition was explained and 
the necessity shown for giving the humidity as well as tempera- 
ture before one can judge as to the effect certain temperatures 
have on the body. By means of lantern slides different methods 
of measuring temperature and humidity were illustrated. 

Some slides of Mount Wilson Solar Physics Observatory 
were shown by Mr. F. L. Blake. 


W. E. W. Jackson, Rec.- Sec. 
AT VICTORIA 


December 7, 1915.— The Annual Meeting of the Victoria 
Centre was held this evening, when the officers for the next year 
were elected and reports of work done during 1915 were pre 
sented. These will appear in the report of the Annual General 
Meeting of the Society which will be published in the next num 
ber of the JOURNAL. 

Mr. A. W. McCurdy then gave a lecture on ‘‘ The Planet 
of Romance 

‘* From the study of the planet Mercury it is found that it 
revolves around the sun in a little less than three months. 
Therefore, when starting from a point between the earth and 
sun, it has completed a revolution, the earth has moved forward 
on its orbit, and nearly thirty days more are required for it to 
catch up with the earth and again come to a point between it 
and the sun Its greatest elongation from the sun occur at 
periods of nearly sixty days. When east of the stn it may be 
seen in the western sky towards the close of twilight, and when 
west of the sun it may be seen in the east in the morning at 
daybreak Its greatest distance from the sun is 438,0000,000 
miles ; its least distance from the sun 1s 2,000,000 miles ; its 
greatest distance from the earth is 135,000,000 miles, and its 
least distance from the earth is 51,000,000 miles. 


The most remarkable feature in the motion of Mercury ts 


that when it is nearest to the sun it moves forward faster than it 
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ought to if under the attraction of the known bodies of the solar 
system only. What the cause of this accelerated motion may be 
has created a great deal of discussion among astronomers for a 
long time past. Are there other planets, at present unknown 
between Mercury and the sun? Is it possible that such bodies, 
although numerous perhaps, are too small to be observed ? Does 
even one unknown planet revolve inside the orbit of Mercury? 
The movements of Mercury certainly indicate an influence that 
might be accounted for by the presence of an inner planet. For 
convenience this mythical planet has received a name, the name 
of ‘Vulcan.’ It has also been called ‘ The Planet of Romance,’ 
because it has given rise to so much conjecture, so much dis 
cussion, 

‘Tf it does really exist there should come a time when it 
would appear as a dark spot moving slowly across the face of the 
sun. It is true that owing to its nearness to thesun there would 
be very great difficulty in seeing a starlike point in that position, 
even in the very best of telescopes, and when recourse is had to 
the photographic plate, for the sun has been photographed nearly 
every day for many years, nothing indicating such an object has 
been discovered. 

‘* There is another method, however, by which new planets 
in the vicinity of the sun may be detected, and that is to take 
observations during the total eclipse of the sun. If there are no 
clouds at sucha ttme, when the sun vanishes, the stars spring 
forth. This would be an excellent time to look for this myster: 
ous planet 

‘‘ During the total eclipse of the sun in 1878, Dr. Watson 
saw an object which he thought might be the long sought after 
Planet of Romance. In order to confirm his report, careful 
examinations have been made during all of the eclipses since that 
time, without, however, any such object being discovered, and 
itis now the general belief among astronomers that no planet 
has yet been found within the orbit of Mercury, and that the 
source of the attraction, not vet located, must be looked for in 


some other place. 
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Is it possible, however, that after all, Vulcan—the Planet 
f Romance — may in fact exist within the orbit of Mercury as 
a glowing mass comparable in brilliancy to the sun? In this 
case, it might not be readily detected by any methods heretofore 
pursued, 

‘* Now I am quite sure that one of the very first questions 
that we would be glad to have answered by the director of our 
new Victoria Observatory, as soon as possible afther the installa 
tion of the mammoth telescope here, will be: ‘Have you been 
ible to discover anvthing further regarding Vulcan, the Planet 
otf Romance ? 


L. F. Hovucuton, Sw 
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PHOTOMETRIC RESEARCH ON VARIABLE STARS 
WITH THE POLARIZING PHOTOMETER 


In the dstrophysical Journal, Vol. XIII, p. 412-453, a 
summary is given of an investigation carried on at Princeton 
University Observatory on’eclipsing variable stars. ‘This article 
contains the importfnt results obtained from this work, no 
detailed observations being given which would be of value to 
the investigator. The observations in a detailed form will 
appear in due time in a separate publication as a contribution 
from the University. 

The four systems investigated are 71°. 7H’, 7-\ Cassiopeice 
and 7 Leonis Minoris. ‘The great value of such research is the 
determination of stellar densities which have a direct bearing on 
our theories of stellar evolution. Of the four systems, three are 
of quite normal density, being, on the average, a little more than 
a tenth that of the sun; 7.\ Cassiopeiw, however, is unique in 
the respect that it is six one-thousandths the density of the sun, 
rather remarkable for a #-type star 7-\V Cassiopeize is also of 
special interest as the observations seem to confirm the theory of 
darkening toward the limb in stellar systems ; the primary eclipse 
is continuous In its variation with no constant phase, while the 
secondary has a constant phase for a period of nearly five hours 

The well observed light curves demonstrate the value of 
repeated observations on eclipsing systems, such facts as eccen 


tricity of orbit, ellipticity of stars, as well as reflection effects, 


are clearly brought out. In the case of 71’ Cassiopeize it was 
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possible from the observations to determine both components ot 
the eccentricity, the quantity e and » (Longitude of periastron) 
The light curve of 7-VY Cassiopeize resembles, to a certain degree, 
i sine curve except for the secondary minimum, showing that 
the variation of the light of the star is continuous. The inte 
pretation of the light curve is, that we have two ellipsoidal stars 
moving in an orbit whose plane is nearly coincident with the 
line of sight From the observations we are able to determine 
the percentage of polar flattening of the stars 

The reflection effect is clearly brought out in the system 
71° Cassiopeiz, the light curve shows that the brightness seems 
to increase gradually from primary to secondary eclipse. This 
is due to the fact that as the star approaches secondary eclipse 
more of the brighter side of the fainter star is turned toward the 
observer In this particular system, it appears that the fainter 


} 


star is twice as bright on one side as the other, caused bv the 


radiation of.the brighter star 


R. J. McDIARMIPD 
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SUMMARY REPORT OF THE WEATHER IN CANADA 
DECEMBER, 1915 

Temperature.— The mean temperature of December was 
above average in all parts of the Dominion, excepting South- 
western Ontario, and the larger part of British Columbia. The 
widest positive departures occurred in Quebec and New Bruns 
wick, in many parts of which Provinces the excess was between 
6° and 9°, while in Alberta and Western Saskatchewan the 
excess was from 4° to 6°. The negative departures ranged 
between 1° and 3° in the Peninsula of Ontario, and were about 


the same in Northern British Columbia 


Depth of Snow and Precipitation.— At the close of the month 
the ground was covered with snow in nearly all parts of the 


In British Columbia on the Mainland the depth 


Dominion. 
ranged from one inch in the vicinity of Vancouver to two feet 


in the Northern Interior districts. There was little 


1 no snow 
in some southern sections of Alberta, and throughout that 
Province the covering was quite light, but farther eastward the 
depth increased to ten or fourteen inches in southeastern Sas 
katchewan and Manitoba. In Ontario there was a depth of 
nearly two feet in some districts in the northern part of the 
province, but farther southward this gradually diminished to a 
few inches near Takes Iirie and Ontario The Province ot 
Quebec had a covering of from seven to twenty inches, while in 
the Maritime Provinces, there was a depth of only one to five 
inches. There were no pronounced differences from the normal 


precipitation in any of the Provinces 
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TEMPERATURE FOR DECEMBER. 1915 
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MAGNETIC OBSERVATIONS 


During the month of December, 1915, the photographic 
record of the magnetic forces obtained at Agincourt indicate very 
little disturbance. The only magnetic storm of note occurred 
on the 6th and 7th. It began gradually early in the morning of 
the 6th and continued until about noon of the 7th. Pronounced 
maxima of Westerly Declination occurred on the 6th at 65 50”, 
and on the 7th at 25 50™, and pronounced minima on the 6th at 
17" 52™ and 22h 27™, The Horizontal Curve shows much more 
rapid movements but generally of small magnitude, maxima were 
recorded on the 6th at 75, 175 38™, and 228 32™. The Vertical 
Force has two pronounced maxima on the 6th at 16° 35™ and 
175 34™ but for the most part is below normal. 

Very few aurorz were recorded in Canada during December, 
ind these were mostly on the 2nd, 7th, llth and 25th. On the 
2nd the magnetic forces were undisturbed and on the I1th and 


25th only lightly disturbed 


December, tg15 ID. West tf \ | 
, ‘ ,. 
Mean of Month 6 30°2 rAcos "e857 74 42°10 
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Mean Daily 4 From hourly readings » O6°5 wWoO28 o000% 
Yonplitude (From Means of Extremes > 11°9 OAS wor 
Hi ar are yressed C. G. S. Units 
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EARTHQUAKE RECORDS BY THE MILNE SEISMOGRAPH 


TORONTO 


R. F. STUPART, DIRECTOR 
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VICTORIA, B. C. 


F. N. DENISON, SUPERINTENDENT. 
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COMET NEWS 





. 


In the last number of the JoURNAL appeared an account o 
the discovery of Taylor's comet and provisional parabolic ele 
ments of its orbit, which, however, was said to be uncertain 

In addition to the positions of the comet given in the last 


issue, the following have been published 


(7. Mt KoA Decl Observer 1”! 
IGhs | s > 
I dec yOS17 5 21 3°30 30 25 Wilson Northfield, Min 
12°7012 5 18 jaro! I 30 23°90 Wilson Northfield, Mi 
14°7501 5 18 oO'490 t 49 33°6 Burton U.S. Naval O 
1S°647%S 5 3§ 37°15 esi e¢ Burton U.S. Naval Obs 
22°0633 5 83 13°34 4 6 23°2 Burton U.S. Naval Obs 


From observations of December 7, 13 and 18, Messrs 


Neubauer and Jeffers, of the Students’ Observatory, Berkeley, 
Cal., have computed the following elements and ephemeris, 
which show that the orbit is an ellipse with a short period, 5°30 


vears 


i wo ! > 19 4 ) I 
Ver mo mimus no 352° «54 

| . ” 

Longitude of noe inr4* 51 

I that i 14 wa) 

Perihel dis 1°52 

] ! \ , 5 
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PHEMERIS FOR GREENWICH MEAN MIDNIGH' 


“—. IK. A. Decl | ig 
|) n . 
i 2°5 5 » #2 —_ ly 
3 7 39 S 59° 
v's 7 ‘14 g 50°2 
ss 6 sy oO 41°S 13 
1O°5 © 54 tI 33° 
82°s F ol 12 25"* 
75 7 iS ; 17°S 
> 7 47 if 10°2 - 
IS*5 $ 28 1s O2'4 
si, 9 22 S §4°2 
22°5 10 (27 16 45°60 
+3 ah +4 7 30°4 Qs 
20°5 ; 52 iS O° 4 
255 I4 55 iQ 15°5 
5 16 49 05°6 
be ruary °S 5 Is 35 20 50°7 SS 
rightness December 13 ae 


By marking the above positions on Map II., published in 
the HANDBOOK, the path of the comet amongst the stars will be 
found. It passes roughly northward into Taurus where it bends 
to the east 

Dr. R. K. Young has kindly supplied the accompanying 


diagram of the orbit in space and the note beneath it 
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DIAGRAM OF THE ORBIT OF TAYLOR'S COMET, Iyi4 

In the above diagram of the orbit of Taylor's Comet S$ 
represents the sun, /: the position of the earth in its orbit on 
January 28 and C the position of the comet on the same date 
The relative positions of the earth and comet for several inter 
vals of thirty days from this epoch are joined by broken lines 
The small inclination of the plane of motion of the comet to the 
ecliptic makes the comet move close to the signs of the zodiac 
At the end of January it will be found in the constellation 
Taurus and it moves slowly through Gemini and Cancer, alwavs 
being well above the equator and favorably placed for observa 
tion \t discovery it could be seen with a small telescope and 
theoretically its brightness will diminish very slowly. The 
elements as computed at the Students’ Observatory, Berkeley 
California, place the comet among the most frequent visitors we 
have Other comets with short periods are, Iincke’s 5°30 vears 
Tempel’s 5°28, Brorsen’s 5°46, Swift's 5°68, Winnecke’s 5°SO 


C. A. CHAN’ 














ASTRONOMICAL NOTES 





SUN-SpoTs AND PRESSURE.—A paper dealing with pressure 
data has been received from Dr. Gilbert S. Walker, who is 
engaged on a comprehensive statistical investigation in world 
meteorology with the object of laying the foundation of a secure 
system of seasonal weather forecasting. The data are treated as 
in the case of rainfall and temperature in preceding papers. For 
pressure the Indian area is characterised by negative correlation 
coefficients, whilst in the western hemisphere and borea! regions 
the opposite sign prevails. A general tendency is observable for 
the pressure coefficients to be opposite in sign to those for rain 
fall, indicating that their variations are dominated by a common 
cause, and temperature would seem to have little influeyce on 
either. Humidity, especially in the upper air, appears to con 
trol the relationship between sun-spot and temperature. - 
Nature, December 30, 1915. 

PROBLEMS IN LATITUDE VARIATION During the vears 
1906-1911, the writer was in charge of the observations of lati 
tude variation in the Tokyo Astronomical Observatory, under 
the auspices of the Geodetic Committee. This was in continua 
tion of the series of observations made successfully by Professors 
H. Kimura and K, Hirayama. The instrument used was a zen 
ith telescope of the usual form, made by Wanschaff in Berlin 
No, SOO, aperture SI and focal length 100: 


In order to determine the value of one turn of the micrometet 


screw I made observations of polar stars at their greatest elonga 
tious every summer and winter, The total number of determina 
tions during the period amounted to 58. When observing the 


polar stars in the eastern and western elongations, I found a 


remarkable tact, iv that the bubbles of the two levels attached 


to the zenith telescope moved gradualiv towards the south, both 
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n the easterit and the western positions of the telescope More 


over, the magnitude of displacement was larger in winter than in 


1 ’ 
} 


summer, andit varied generally with the length of the observation 

With respect to the third cause, I may notice the fact that 
12 horizontal pendulum observers in several parts of the world 
have revealed a remarkable unsteadiness of the greund The 


most conspicuous of the regular movements has a period of one 


solar day, being due to the effect of the solar radiation on the 
earth's surface 

The notion that the level is not suited to the most delicate 
measurements is not novel Already as early asinthe vear 1893 
Kk. von Rebeur-Paschwitz insisted on the inadequacy of the spiri 


level to meet the disturbance in precise astronomical measure 
ments from pulsatory or microseismic movements of the ground 
lso G. H. Darwin is said to have declared to the same effect 

Although the motive of my idea is not strictly the same as 
that of these authorities, our resulting conceptions are conver 
gent, and I am pleased to conclude my paper with the expec 
tatiow that Darwin's prediction will be promptly actualized in 
order to meet the degree of accuracy required in up-to-date 
astronomical observation kK. Sorome, Journal College of Science 


Imperial University of Tokyo, Japan, November 50, 1915 


ABSORTION OF LIGHT IN SPACE All researches on the 
structure of the stellar universe must take into account the pro 
bable and possible effects of the scattering or obstruction of light 
In its passage through interstellar space. It is recognized, for 
instance, that 1f the loss due to absorption, or scattering by the 
free molecules of matter in space totals as much as a millionth of 
one per cent of the visual light in a journey of a hundred million 
miles, then, assuming the effect proportional to the distance 
every star 9500 light-vears awav would be observed about two 
magnitudes fainter than its true brightness. As a consequence 
any uncertainty in the coefficient of scattering, especially if it is 


large as cited above, is verv serious in studies of the distance of 


the faint stars and particularly in considerations of the stellar 
densities in various parts of the galactic svstem In fact, the 
ivpothesis that light extinction 1s imperceptible 1s prerequisite to 


= ’ 1 1 1 
the conciusion that the stellar universe is finit in exient 
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Asthe effect for blue light would be about double that for vellow, 
an Gbvious method of detecting and measuring selective absory 
tion is through the study of the colors of faint and distant stars 

3y means of measures of color indices various investigators have 
found that the fainter stars are on the average redder than the 
brighter ones, and as the fainter stars are also on the average 
the more distant, this excess of redness might be and often is 
accepted as an indication of space absorption. ‘There are, how 
ever, other possible interpretations, including the effect of intrinsic 
luminosity on color and the possibility of the predominance of 
redder spectral types among the faint stars and more distant ones 

The most remarkable feature of the distribution of color class 
exhibited in the table is not the relative paucity of a@’s and early 
f's, northe great range in color, but rather the highly significant 
fact that there are any negative color indices (60.69). Of the 494 
stars more than 17 per cent. are of color class 4, and of these one 
fifth are bluer than represented by 45. Moreover, we find no 
excessively large color indices, and none unusually small. A 
comparison of these colors with those derived by Parkhurst for 
bright stars near the north pole shows an entirely analagous dis 
tribution among the variousclasses. ‘There seems to be no reason 
to doubt the present result, and we are left with the conviction 


that, so far as present data go, normal negative color indices exist 


tuthe Hercules cluster in large numbers. From the remarks of 
the preceding paragraphs it is at once obvious that such a condi 
tion could not co-exist with measurable selective absorption of 
light in space 

It seems to be necessary to conclude that the selective extine 
tion of light in space is entirely inappreciable, at least in the 
direction of the Hercules cluster. If we grant, on the basis of 
our data, a color excess of a tenth of a magnitude, and attribute it 


all to space absorption, the value of the coefficient can not then 


excecd + QOOUL mag., an amount completely negligible tn deal 
ing with the ordinary isolated stars. In the light of this result 


we are probably justified in assuming that the non-selective 


absorption in space (obstruction) is also negligible HARLOW 


SHAPLEY, Mount Wilson Solar Observatory, Procecdings National 


leademy of Science, Washington, Vol. II., No. 1 
.. mo 
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NOTES AND QUERIES 


Commoenications are Invited, Especially from Amateurs. The Editor will try to 
Secure Answers to Queries 





ABOLISH THE FAHRENHEIT THERMOMETER 


At irregular intervals, in the Anglo-Saxon countries, agita 
tions gain sufficient momentum to bring on an open attack on 
nur illogical and inconvenient systems of weights and measures 
The latest example of this is to be seen in a bill introduced into 


the House of Representatives at Washington by Hon. Albert 


Johnston, the object of which is the abolition of the Fahrenheit 


thermometer The bill contains three sections, as follows 


I Phat the niigrade scale of temperature measurement sha | be the stand 
aciin United States Government publicat ms, the use of the Fahrenheit scale 


option of heads of dey 


beig discontinued at th sartments or other independen 
wanches of the Crovernment, e ther immediately upon the signing of this bil 
anv time before January 1, '920, except as provided in Section 2. 


2 During the period of transition the Fahrenheit equivalent ol rrat 
leyrees may be dded tn parentheses or as a footnote or tin anv other way, if int! 
yminion of heads of departments or independent officers it seems necessary 
> The u of the kahvrenheit s« e shall be permitted after January I, [920 
tses where it is required by State or municipal law, or tn certificates of tests of 
istruments graduated in the Fahrenhett scale 


The present writer has long been in favor of simplifying our 
irious arbitrary scales of measurement and he sincerely hopes 


the above bill will become the law in the great republic, and that 
the Government of Canada will pass a similar law (fF course 
many of us would hardly be fully satisfied without the tntro 
luction of a decimal svstem of weiglits and measures, similar to 
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our coinage, but to do that would prove a very seri lertak 
inage, but to do that would prove a very serious underta 

ing, while a change of thermometric scales could be made with 


comparative ease 


is deeply interested and to effect a reform in their established 
system might require a number of years, but I feel sure we would 
all quickly realise the benefit of the new scale 
In ordinary conversation when we wish to know the tempe1 
ature we have in mind how much above or below the freezing 
point of water it is. Some writers speak of the number of degree 
of heal or degrees of frost which the thermometer shows. But the 
ing on the Fahrenheit scale does not give this, except by sub 
tracting or adding 32. In the winter time the readings are 
pecially confusing. Now the centigrade scale would at once 
get rid of the confusion and we would very soon become accus 
tomed to the lengths of the degrees in it 


NOTES ON AURORAZE 


Mr. A. F. Hunter has drawn my attention to some interest 


ing references to aurorze contained in an old volume entitled 


Vaguetical and Meteorological Observations at Lake Athabasca and 
fort Simpson by Capt. J. H. Lefroy, R.A., and at Fort Confi 


dence, on Great Bear Lake, by Sir John Richardson, C.B., M.D 


? 
printed by order of H. M. Government (1855 


Captain (afterwards Sir Henry) Letroy was in charge of the 


magnetic observatory at Toronto from 1841 to 1856. From Sep 
tember 23, 1S45, to February 20 


a 


1844, he was at Fort Chipew- 
van on Jake Athabasca (W. Long. 7" 55™ 15 123° 49, 


atter which he went to Fort Simpson ( W. Long 
"20, N. Lat. 69° di 


Sir John Richardson and Dr. Rae went in search of Sir John 
Franklin and were at Tort Confidence on Great Bear Lake 
W. Long. 7° 55™ 16 118° 49°, N. Lat, 66% 54°) from October, 


1 


IS48, to March, 1S84!). 


In this proposal the Meteorological Service 
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DAYLIGHT AURORA 





Kites , i [May 6, 1844), the brightness of thet 
' r ft . cuaish | see! r rr clou 
ra ' tt ) ! va See u t 
tl ‘ serva 25! May It Is, ho er, quit possibl 
attention w | cuist rora ¢ sionally, by Ss moton, to a mu 
is it ha seen in early evening a mor twilight in lower 
and was und ted seen at Toronto 2 /ul/ day oO e 29tt tel 
rnd OCimctober. Sai LEFRE ». I4f 
HEIGHT AND RELATION TO CLOUDS 
bor i > orre vent ne Sery S 4 r t re ar no dat I 
v fanv of the display I a , f of t 
pt n ed senses upen n ‘ : oge ) 
| at « t lis av } t st sit sé st i ‘ 
e« | ‘ " travelled m taino ) ries must fre 
t f clouds at a yt distanee above their heads, a rer 
al wit nt the an rnished by tt neig I ks and rocks, there 
vincing proot otf tt near ss of the ¢ ud attor by the manner ot its 
he s sit Iding $ masses { ipor, | t r tinctness Wl w 
, I s see! Pi v of the same nature is the evidence fre 
j tiv thre ts } ol rthern latitude of the nearness of the aurora 
rive al beliet of fac unong those who witne sit perpetually, must be 
»y wel mmpewhat rtt sine tbe LEFROY, 142-5 
Several times during the winter the auroral light was seen, both by 
i Mir. Rae. te pass in front of a mass of clou As we were both awar 
“AS AT whic he ve mav be deceived in sucl »bservations, we watct 
lisplavs he phenomenon with sufficient scepticism to keep the attention 
ther rund no doubt remained in our minds of the reality of the fact 
vears | had seen similar occurrences more frequently, and even more 


Phir ears previously L had entertained the belief that the aurora was 
.) ! the miata ot « mud, and ther i res the mastitation yt 
’ re ane? the ehtly observations of his wereter all ended » str 
mo Reith irs l Ky 
AUDIBILITY OF THI \ ORA 
\\ t a t nu Lispoute testo 

: Is . ‘ Henry, was earin ‘ 

va 1 , ve ‘ } o tt e 
” ry va n ‘ 
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na ve invuabitants, Whose acutenhess Ol sense 1S proba 


| lv much superior to th ot 
the other class, a belief in the sound is almost untversal, a any individua 
assured the writer they had heard 4 Similiar testinice 4 ¢ rmorne ver Posi 
{ \ r Stal it () rvat \ Tore upon one or two occa 

” it display LE ) pp. 50-1 

With resp sounds tror e belief prevails i Arctic regio 

tha t is of Siol audibie Vv e! ’ a 1 ich times 

( ved he natives be near e eal Hlavi Witnesse he pt omen 
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THE CLIMATES OF CANADA 

The Meteorological Office has recently issued a 90-page 
blue-book in quarto form, entitled Zhe Temperature and Pre 
cipitation of British Columbia. The Director states that the con 
tinua! demand for information regarding the climates of the 
provinces of Canada has exhausted the supply of pamphlets on 
the subject and he has arranged for the publication of a series of 
booklets dealing with such matters. They are under the editor 
ship of Mr. A. J. Connor, the climatologist of the Service and 
the present one is a creditable production. The next one 
will deal with the Northwestern Provinces. ‘The very extensive 
records of the Service, accumulated during the last seventy vears, 
allow the preparation of comprehensive and authoritative mono 
graphs on our climates. 

In Part I. of the present work, after a brief treatment of the 
provitice as a Whole, a summary of the temperature and the pre 
cipitation is given foreach of the natural divisions of the province 
In Part If. the monthly, seasonal and annual means and ex 
tremes are given 1 a comprehensive series of tables. 

Qne need not go very far in British Columbia to get a 

a 


decided change in climate, as the following results, extracted 











100 Notes and Oueries 
from the work, show In this brief table are given the mean 


temperature and the precipitation of six chosen districts for the 
four seasons of the vear, winter, spring, summer, fall Winter 
micludes the months December, January, February and the 


succeeding seasons each three months 


Mean Temrerature 
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POEM 


The present number of the JouRNAL begins with a ringit 


patriotic poem by Dr. Albert D. Watson 


and I hope [ shall be 


pardoned if I conclude it with two more stanzas by the same 
writer 


In the stars that gem the blue 
Of the night, 
In the storm and in the dew, 
There is light ; 
In the clouds that split with thunder 
In the soul athrill with wonder 
Over all and through and under 


There is love and light 


In the moon-gleam on the sea 
There its power 
In the spiral nebule, 
In the tlower 
In the soul of true desire 
Present always to inspire 
Like a gleam of pillared fire 


ryst 


There is love and power 


if 
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